T he newborn with intestinal obstruction can elicit unease in many radiologists and neonatologists. The clinical presentation may be nonspecific, with bilious or nonbilious vomiting, abdominal distension, and often failure to pass meconium evident. The etiology of neonatal intestinal obstruction could lie anywhere from esophagus to anus. Some disorders, such as malrotation with midgut volvulus, are lifethreatening and require prompt decision-making, whereas others, such as duodenal atresia, which often have a similar clinical presentation, may be managed semielectively. This is one scenario in which the application of a logical approach, radiology, provides the most definitive information. The overarching goal of this article is to provide a helpful and practical imaging strategy for evaluating newborn intestinal obstruction and to review the myriad causes as well as their characteristic imaging features.
Imaging Strategy
The 3-step approach is based on the abdominal radiographic findings in neonates with suspected intestinal obstruction. First, initial review should rule out ominous signs, such as pneumoperitoneum ( Fig. 1 ), intestinal pneumatosis, or portal venous gas (Fig. 2 ), because these children require emergency surgical assessment. Second, one should look for classic signs, such as the following: a nasogastric tube lodged in proximal pouch in esophageal atresia, a "double bubble" in duodenal atresia, bubbly gas within the chest in congenital diaphragmatic hernia, a "triple bubble" or large featureless loop in jejunal atresia, and a "soap bubble" pattern within the right lower quadrant in meconium ileus. The third step involves deciding whether the bowel gas pattern is most consistent with a high or low intestinal obstruction pattern. 1 The high intestinal obstruction pattern shows few scattered airfilled loops in the upper abdomen, whereas the low intestinal obstruction pattern demonstrates many (Ն3) dilated gasfilled loops (Figs. 3 and 4) . It is important to recognize that caution should be taken when interpreting intestinal obstruction pattern on the abdominal radiograph. For an example, assessment of the abdominal radiograph too early after delivery may misrepresent the obstruction as high because the gas has not yet made its way through unobstructed loops after birth. In addition, one must not attempt to differentiate small from large bowel in the newborn because loops are relatively featureless and do not lie in anatomically predictable locations. Once designated as high or low intestinal obstruction, further imaging studies, such as barium upper gastrointestinal (GI) study or water-soluble contrast enema, can be obtained for a definitive diagnosis.
Imaging Technique
High intestinal obstruction may be attributable to esophageal atresia with or without fistula, duodenal atresia, malrotation with or without midgut volvulus, or jejunal atresia. Air may be injected through the nasogastric tube as "negative" contrast, which further defines the level of intestinal obstruction. An upper GI study for high intestinal obstruction is performed immediately, whereby the newborn is given contrast barium through bottle or nasogastric tube. The neonate is imaged in the right lateral decubitus or semiprone position, and images are taken to demonstrate a normal duodenal Csweep (a duodenal course of back, down, anterior and up on the oblique lateral projection). Once the barium filled duodenal C-sweep is demonstrated, frontal supine images are obtained to show the duodenojejunal junction coursing to the left of the L1 pedicle at the same level of the first portion of the duodenum to confirm normal bowel rotation. At the end of the study, the residual barium is withdrawn from the stomach through the tube to prevent aspiration of refluxed contrast.
Low intestinal obstruction is most commonly attributable to ileal atresia, meconium ileus, Hirschsprung disease, small left colon syndrome, colonic atresia, or imperforate anus. These cases can be definitively diagnosed with enema and a slightly hyperosmolar water-soluble contrast. The study is performed by placing a small caliber (8F) flexible Foley-type catheter in the distal rectum just beyond the anal verge and taping it well at the perineum. With the infant in left lateral
